e We performed a cross-sectional study of 160 adult patients with severe cerebral palsy to study the relationship between radiographic hip disorders (migration and deformity of the femoral head), on the one hand, and complications such as handling problems, seating problems, decubitus ulcers, fractures and contractures, on the other hand. Both migration and deformity were positively related to the need for a special seat in the wheelchair and adduction contractures of the hip. We conclude that migration and deformity of the femoral head, if possible, should be prevented in patients with severe cerebral palsy.
Introduction
In approximately 60% of patients with severe cerebral palsy (CP), the femoral head subluxates from the acetabulum [1] . Subluxation is defined as at least 30% of migration, as described by Bagg [2] and Reimers [3] , dislocation as migration > 100%. No clear answer can be found in the literature as to whether or not there is an association between radiologically assessed subluxation or dislocation of the hip and complications. Well-known problems experienced by patients with severe CP are pain, difficulties in care-giving, seating problems, decubitus ulcers, fractures and contractures [4] [5] [6] . The determinants of hip pain in patients with severe CP have been described, indicating that migration and deformity of the hip should be prevented to avoid pain [7] .
Problems with perineal hygiene are mentioned most frequently in the literature [8] and it is known that seating problems often occur in patients with severe CP [9] . Decubitus ulcers are reported in patients who are totally bed-bound [8] . Patients with severe CP are also prone to fractures [10] . Contractures of the lower extremities have been found in 64% of non-walkers [5] .
The few publications that report on the relationship between radiographic findings and contractures demonstrate that there is no association [3, 11] .
The objective of our research was to study the relationship between subluxation and deformity of the hip, on the one hand, and handling problems, seating problems, decubitus ulcers, fractures and contractures on the other hand, in patients with severe CP.
Methods

Patients
We conducted a cross-sectional study in 160 adult patients (age Z 16 years) with severe tetraspastic CP. They were all on level 5 on the GMFCS (gross motor function classification system) scale [12] . Fifty-eight percent of the patients lived in a nursing home. Patients with CP were included if they had a minimum mental age of 4 years according to the Columbia Mental Maturity Scale [13] . These patients were also recruited for a study on the determinants of hip pain [7] . The Medical Ethics Committee of the VU University Medical Center approved the study protocol.
Methods
Both the usual care-giver and the physiotherapist of each patient were asked to rate the difficulties in handling of the patient on a scale from 1 to 5 (Table 1 ). This produced a score ranging from 4 to 20. Handling problems were defined as a score of > 12 out of 20 (at least four items rated as moderate). Patients without a regular caregiver or physiotherapist are indicated as 'missing'. Both these scales were developed for this study.
The chair was classified on a six-point scale indicating progressive adaptation (1 -standard, no addition; 2 -standard with additions; 3 -special molded seat back, regular seat; 4 -special molded seat, regular seat back; 5 -special molded seat and seat back; 6 -special molded seat and seat back, integrated). In the analysis, two categories were distinguished: no special seat (scores 1-3) and special molded seat (scores 4-6). Subsequently, the patients were examined, for decubitus ulcers and contractures in the hip region and lower extremities, by our research physiotherapist (M.J.). For fractures, the patients' files were examined and the patients' doctor was interviewed. The standard classification was used for decubitus ulcers [14] , and the sagittal, frontal, transverse, rotation system for the recording of angles [15] and a standard goniometer [16] to measure contractures. Patients were assessed while lying flat on a bed. Abduction of less than 301 of at least one of the hips was considered as hip adduction contracture. A hip and knee flexion contracture was defined as a limitation of 301 or more of extension of one of the hips or knees, respectively. Fractures were considered to be present if detectable on a radiograph of the lower extremity that was made within the previous 3 months.
An anterior-posterior radiograph of the pelvis was taken, unless there was one available that was made within the previous 5 years. We measured the migration percentage (MP [3] ) on the anterior-posterior radiograph. Femoral head deformity was scored on a three-point scale: categories absent (normal shape of the femoral head), moderate (femoral head not round but flattened in some parts) and severe (femoral head flattened, or with sharp edges as in 'Napoleons' cap' or otherwise deformed).
The radiographs of 20 patients showed an abnormal configuration of the femur and pelvis, in which the MP could not be calculated. The femoral head was either absent, obviously totally disintegrated or impossible to identify. Direct aberrant contact between (parts of) the femur and the pelvis was also classified as an abnormal configuration. Details on this group have been published separately [7] . We excluded these patients in the analysis regarding MP. The remaining 140 patients had a femoral head that was clearly recognizable. The radiographs were subdivided, on the basis of the maximal MP, into four groups, according to the standard method: 0-29%, 30-59%, 60-89%, 90-100% [17] .
One author (E.B.) scored all the radiographs, without any knowledge of patient characteristics. Differences in the mean MP were analyzed with t-tests for independent samples. Associations between hip deformity and complications were analyzed with w 2 tests for trend. In addition, the associations between the outcome variables (complications) and radiographic findings (MP and deformity) were modelled with linear regression (for handling problems) or logistic regression (seating problems and contractures) adjusted for age and sex (SPSS version 10.0; SPSS, Chicago, Illinois, USA).
Results
Patient characteristics, prevalence of complications and results of radiography A brief description of the patient characteristics and the prevalence of complications is shown in Table 2 .
Correlation between radiograph results and complications Results of radiography and handling problems No significant difference was found in mean MP between patients with or without handling problems (Table 3 ). Handling problems were also not significantly associated with the level of hip deformity (Table 4) . Regression analysis, with adjustment for age and sex, also showed no significant associations.
Results of radiography and seating
A clear relationship was found between migration and deformity of the femoral head, on the one hand, and the use of a special seat in the wheelchair, on the other hand Score: 1 = none; 2 = minimal; 3 = moderate; 4 = many; 5 = serious; 9 = missing data. ( Tables 3 and 4) . The relationship between deformity of the femoral head and the need for a special molded seat remained significant in logistic regression analysis, after correction for age and sex (P = 0.01). The association between MP and the use of a special seat was borderline significant after adjustment for age and sex (P = 0.08).
Results of radiography and decubitus ulcers and fractures
Owing to the low prevalence of these problems (Table 2) , no associations could be investigated.
Results of radiography and contractures
The mean MP was significantly higher in patients with hip adduction contractures than patients without contractures ( Table 3 ). The prevalence of hip adduction contractures increased as the level of hip deformity increased (Table 4) . In logistic regression analysis, after correction for age and gender, the associations remained significant.
Discussion
Patients with severe cerebral palsy suffer from a wide range of complications, which is confirmed by the results of our study. We found some aspects of care to be in accordance with reports in the literature, such as the need for a special seat and the prevalence of contractures, but decubitus ulcers and fractures were rare in our population. The high level of care that is provided in the Netherlands for these patients could explain these findings. Deformity of the hip was strongly associated with the need for a special molded seat and limited abduction of the hip. Especially, the relationship between femoral head deformity and the need for a special seat is remarkable: only 51% of the patients with no deformity of the femoral head had a special molded seat whereas 87% of the patients with a serious deformity needed one. The need of adapting a special seat means a considerable amount of time and money and decreases the possibility of interchanging chairs. The relationship between migration and deformity of the femoral head and limited range of hip abduction is also prominent. Hip flexion contractures are not significantly related to hip deformity, but in patients with an abnormal configuration of the hip the prevalence of hip flexion contractures increases considerably. This illustrates the impact of hip abnormality on handling possibilities of these patients.
In conclusion, handling problems, seating problems and contractures are common in adults with severe CP. The need of providing a special molded chair and limited abduction of the hip are strongly related to deformity of the femoral head. Abnormal configuration of the femur head and pelvis decreases the possibility to extend the hips. It is therefore recommended that these orthopedic abnormalities are prevented or treated as they develop. 
